The present study aimed to investigate the dominance of perennial plant communities in Rawdhat Al Masodi in Saudi Arabia and the effect of soil physical and chemical variables on the species distribution. A total of 51 plant species representing 25 families were reported from the study site in which 19 perennial species were reported that composite 7 plant communities. The soil physical and chemical variables showed significant differences among plant communities (ANOVA, p<0.05) except for pH. The identified plant communities (C1-C7) were dominated by Rhazya stricta, Calotropis procera, Acacia gerrardii, Acacia ehrenbergiana, Pulicaria undulate, Zilla spinosa and Teucrium oliverianum, respectively. The CCA model between species composition and soil physical and chemical variables was significant (Monte-Carlo test, 499 permutations, p<0.05) and explained 51.15 % of the total variation in species composition. The CCA identified strong factors structuring the perennial plant species in Rawdhat Al Masodisuch as organic matter (OM), total dissolved salts (TDS), phosphate (PO4), carbonate (CO3) and bicarbonate (HCO3) contents. In conclusion, there was remarkable diversity in plant communities in Rawdhat Al Masodi with remarkable variation in their physical and chemical properties of soil. The floristic diversity in this area is threatened by several factors including occasional recreational activities, woodcutting and development. Further ecological studies should be conducted to better understanding the factors influencing the plant community in this area. The government should design immediate and effective conservation programs to protect the floristic diversity in this area from future deterioration.
Introduction
Due to intensive several anthropogenic activities, industrial development and urbanization, the vegetation cover and floral diversity of arid ecosystems including those in Arabian Peninsula are threatening (Barakat et al., 2014; Al-Mutairi et al., 2015; Hatim et al., 2016; AlMutairi, 2017) . Meanwhile, launching efficient conservation programs still need assessment of the current status of the floral biodiversity and better understanding the complex relationships between species abundance and/or diversity and environmental settings . Arid and semi-arid ecosystems comprise a large portion of the entire terrestrial ecosystem. Despite that, the distribution and diversity of plant species in the arid and semi-arid regions is still not fully understood. Most importantly, the interaction between the soil environmental variables and plant species diversity and the dominance of certain species in a specific community require intensive research efforts (Al-Mutairi, 2017) .
Saudi Arabia is situated in the Arabian Peninsula (32º34` N -16º83` N, 34º36` E -56` E) covers a total area of more than 2 million km 2 . The arid environment is the predominant regime with very low annual rainfall (0-200 mm/year) (Al-Nafie, 2008; El-Sheikh et al., 2013) . Therefore, the xerophytes are the dominant plant life form (Al-Nafie, 2008) in the region. Saudi Arabia is characterized with remarkable floristic diversity due to the diversity of the habitats (Collenette, 1999) . The total number of plant species reported from Saudi Arabia is 2253 species representing 132 families and the rare plant species represent 20% of the total flora (Collenette, 1999) . Biogeographically, the flora of Saudi Arabia showed strong relationships with those in the North Africa, East Africa and The Mediterranean and Irano-Turanian countries (Alfarhan, 1999; Al-Mutairi et al., 2016) .
In terms of the vegetational surveys, there are numerous studies dealing with the floral diversity of Saudi Arabia. For comprehensive description of the flora of Saudi Arabia, see Migahid (1996) , Collenette (1999) and Chaudhary (2001) . In the same context, there is quite high number of reports studying the plant species diversity in several parts of Saudi Arabia. For instance, Al-Mutairi et al., (2016) investigated the diversity of plant species in four locations of Tabuk region, is located in the North-western part of Saudi Arabia. Other studies were conducted such as Hosni & Hegazy (1996) on Asir region and Al-Turki (1997) on Al-Qassim region, and Al-Turki & Al-Olyan (2003) and El-Ghanim et al., (2010) on Hail region.
Unfortunately, the floristic diversity in Saudi Arabia is at high risk due to various irresponsible anthropogenic activities including urbanization, industrialization and woodcutting (Khalik et al., 2013; Al-Mutairi et al., 2015) . During the last few decades, several ecological efforts were made to understand the effect of soil physical and chemical properties on the floristic diversity and species distribution and composition in various parts of Saudi Arabia (Al-Nafie, 2008; Alharbi, 2010; Rajasab, 2011; Alsherif et al., 2013; Al-Mutairi et al., 2016) .
Plant communities are important components in the arid ecosystems and being involved in future sustainable management and conservation programs (Kandi et al., 2011) . This is due the fact that plant species also provide continuous food and raw materials for pharmaceutical products (Shehata & Galal, 2014) . The ultimate objective in most recent floristic studies was to explain the patterns of plant diversity and distribution in relation to certain physical, chemical, geographical variables (Fried et al., 2008; Barakat et al., 2014; Shaltout et al., 2016) .
The present study aimed to investigate the influence of soil physical and chemical variables on the diversity and distribution of the perennial plant species in seven dominant plant communities in Rawdhat Al Masodi, Saudi Arabia.
Materials and Methods
Study sites: The present study was conducted in Rawdhat Al Masodi (25.12ºN and 47.28ºE) which is located at Al Armah valley away from the capital Riyadh about 120 km in the Eastern-north direction (Fig. 1) . The temperature in the study site varies from approximately 43ºC during the summer to 5ºC during winter. The annual rainfall of the study site is low (less than 200mm/year). 
Sampling of plant species:
The plant species were studied using 10×10m stand following the standard procedures. Briefly, the stand was distributed randomly and the vascular plants located in each stand were recorded. The perennial plant species in the dominant plant communities were reported and their vegetation percentage cover was calculated (Kent & Coker, 1992) . The recorded plant species in each community were identified using available taxonomical keys of Chaudhary (2001) and Collenette (1999) .
Measuring the soil physical and chemical properties:
Several physical and chemical variables of the soil in the study sites were measured. Four samples of soils were collected from each plant community up to 50 cm depth. These samples were labeled and saved in plastic bags. In the laboratory, the soil suspension was prepared with a ratio of 1:5 in distilled water. This soil suspension was used to measure; pH, electrical conductivity (EC), Organic Matter (OM), total dissolved salts (TDS), Nitrogen (N), Sodium (Na), Potassium (K), Calcium (Ca), Magnesium (Mg), Phosphate (P), Chloride (Cl) Carbonate (CO3) and Bicarbonate (HCO3) following the procedures of Jacson (1965) , Allen et al., (1986) and Alyamani & Alddosoqi (2006) .
Statistical analysis:
The soil physical and chemical variables were analyzed for the mean and standard deviation. The one-way ANOVA analysis (at p<0.05) of SPSS (version 22.0) was applied to examine the significant differences between the means of soil physical and chemical variables in different plant communities. The multivariate analysis of Canonical Correspondence Analysis (CCA) (CANOCO program 4.5 version) (ter Braak, 1989) was employed to determine the relationship between plant species in different communities versus the soil physical and chemical variables. The effectiveness of the produced CCA model was examined using Monte-Carlo test (499 iterations at p<0.05). The sum of all eigenvalues and the total inertia values were produced. Therefore, the total variance explained (TVE) was calculated to determine the amount of variance in the species composition explained by the selected soil physical and chemical variables.
The diversity measure of species richness (which can be considered as alpha diversity), Shannon-Weiner (H'), Simpson (1-D) and Evenness indices were calculated using Species Diversity and Richness (SDR) software package (Pisces Conservation Group). The Cluster Analysis based on Bray-Curtis distance measure was used to investigate the relation between different plant communities based on presence/absence of species data. The cluster dendrogram was produced using MultiVariate Statistical Package (MVSP version 3.13d) (Kovach Computing Services).
Results
The measured soil properties showed variation among the sites. The average values of the variables are shown in Table 1 . All soil chemical and physical variables showed significant differences (except soil pH) among the seven studied sites (one-way ANOVA, p<0.05).
In total, 51 annual and perennial plant species belonging to 25 families were recorded from Rawdhat Al Masodi. About 19 perennial plant species belonging to 13families were reported from the seven different communities in the study site. The perennial species are those live for more than two years. The complete list of recorded plant species is provided in Appendix 1. The number of perennial species represented by each family is shown in Figure 2 . The families of Fabaceae, Poaceae and Asteraceae had the highest number of species (3 species of each family). The other families were represented by single species except of Apocynaceae which had two species. Table 2 presents the diversity measure of the seven plant communities. The list of plant species is shown in Table 3 . The highest number of species (8) was recorded in Acacia ehrenbergiana community (C4) followed by C1 (Rhazya stricta) and C6 (Zilla spinosa) communities with species richness of 7 for each. However, the lowest number of species was reported in Teucrium oliverianum community (C7) with only 3 plant species reported. The highest value of the diversity measure of Shannon-Weiner (H') of 1.001 was reported in Zilla spinosa community (C6), meanwhile the lowest value of H' (0.118) was reported in Pulicaria undulata community (C5). Simpson (1-D) index showed slightly different results in various plant communities. The highest value of Simpson was recorded in C3 community (Acacia gerrardii) and the lowest value of Simpson index was observed in Calotropis procera community (C2). The cluster analysis based on Bray-Curtis distance measure (using presence/absence) was applied to determine the degree of similarities in the species composition among the seven plant communities (Fig. 3) . The species composition in the C1 and C6 communities showed high degree of similarity and both of them are more related to the species composition in C4 community than others. The species composition in the C5 community showed remarkable separation compared to composition in other communities.
The multivariate analysis of canonical correspondence analysis (CCA) was applied to investigate the relationships between species distribution and the physical and chemical variables of soil (Fig. 4) . The total variance explained (TVE) by the CCA model was about 51.15%. The CCA model was significant based on Monte-Carlo test (499 permutations) with F-value=1.437 (p<0.05). The first canonical axis F-value=3.096 (p<0.05). The total inertia was 5.704 and the sum of all canonical eigenvalues was 2.935. The organic matter (OM), total dissolved salts (TDS), phosphate (PO4), carbonate (CO3) and bicarbonate (HCO3) are considered the strongest variables influencing the species distribution in Rawdhat Al Masodi.
Discussion
The present study revealed considerably high number of plant species (both annual and perennial) of 51 species belonging to 25 families collected from Rawdhat Al Masodi in Saudi Arabia. Out of the total number of species, 19 species are perennial which complete life cycle in more than two years. Interestingly, the number of species reported from Rawdhat Al Masodi was higher than what was reported from arid ecosystems of China (Zhao et al., 2010; Zhang et al., 2016) . This implies high floristic diversity in Saudi Arabia in general and Rawdhat Al Masodi in particular, despite the persistent anthropogenic disturbance. Local reports from Saudi Arabia revealed consistent disturbance of the vegetation cover especially development and woodcutting (AlMutairi et al., 2015) .
The plant communities in Rawdhat Al Masodi represent remarkable variations in the soil properties (i.e. chemical variables) except for pH thus supporting the different community's dominance for their specific environmental requirements. Furthermore, it reflects the variations in the geological history of the different parts of Rawdhat Al Masodi and eventually results in variation of the organic matter and mineral inputs of the soil (Zak et al., 2003) . On the other hand, the microbial fauna can play an important role in changing the soil physical and chemical parameters (Galal & Fahmy, 2012) .
The multivariate analysis of canonical correspondence analysis (CCA) showed to be useful tool to explain the complex interactions between species composition and environmental variables (Ohmann & Spies, 1998) . In this study, the variance in species composition which was explained by the soil physical and chemical variables was almost 51% of the total variation. This was in agreement with previous studies in which only 50% of variation in the species diversity could be explained by soil and environmental variables (Galal & Fahmy, 2012) . However, in some studies amount of explained variance can be more than 50%. For instance, Al-Mutairi (2017) reported more than 76 % of variance and explained the variation in the species composition in Tabuk (Saudi Arabia).
The present study revealed that the soil variables of organic matter, total dissolved salts, phosphate, carbonates and bicarbonates are strong factors structuring the species composition. This is in agreement with previous reports on plant species composition from arid and semi-arid environments. Several studies emphasized on the physical and chemical variables of soil specifically; salinity, organic matter and carbonates to be the most important factors influencing distribution of the plant species in arid ecosystems (Shaltout & El-Sheikh, 1993; Shaltout et al., 1994; Al-Sodany, 1998; Al-Mutairi, 2017) .
Conclusion
The present study revealed that soil physical and chemical parameters showed remarkable variation among different communities of perennial plants. The study identified seven different plant communities which showed considerable variation in the species dominance and composition. The multivariate analysis of CCA was employed to determine the relationship between species composition and soil physical and chemical variables. According to the observations, the study site, Rawdhat Al Masodi undergoes huge stress due to intensive anthropogenic pressure including occasional recreational activities, woodcutting, grazing and urbanization. Rawdhat Al Masodi is a hot spot for plant diversity as it has several endemic species such as Rhazya stricta, Calotropis procera, Acacia ehrenbergiana and Acacia gerrardii. Hence, the authorities should start launching several and effective conservational programs. Furthermore, the public awareness should be targeted through outreach and extension programs for the protection of flora and natural recourses in this area.
